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INTRODUCTION 


This  research  project  focuses  on  protein  tyrosine  kinases  in  human  breast  cancer. 
Specifically,  we  are  studying  the  role  of  the  novel  tyrosine  kinase,  Rak,  which  our 
laboratory  first  identified  several  years  ago  (1). 

Rak  is  a  54kd  cytoplasmic  tyrosine  kinase  that  is  a  member  of  the  Src  family.  It  encodes 
both  SH2  and  SH3  domains,  a  kinase  domain,  and  a  bipartate  nuclear  localization  signal. 
Unlike  other  members  of  the  Src  family,  Rak  lacks  the  myristylation  signal  that  localizes 
the  protein  to  the  inner  leaf  of  the  cellular  membrane.  Cell  fractionation  studies  show 
Rak  to  pellet  with  the  nucleus.  This  research  program  has  focused  on  the  role  of  the  Rak 
tyrosine  kinase  in  human  breast  cancer,  and  we  have  focused  on  characterizing  the 
biochemical  effects  of  Rak  expression  in  breast  cancer  cells  as  well  as  the  resultant 
phenotypic  effects  to  determine  the  utility  of  Rak  as  a  therapeutic  target  in  human  breast 
cancer. 


TECHNICAL  OB  JECTIVE  1 


I.  Characterization  of  the  expression  of  Rak  in  human 
breast  cancer  cells. 

I.A.  Model  Systems 

In  this  section,  we  will  describe  the  model  systems  that  we  have  used  to  express  Rak  in 
human  breast  cancer  cells. 

I.A. I.  Green  fluorescence  protein  (GFP)-Rak  (GFP-Rak). 

We  have  constructed  an  expression  vector  which  contains  the  coding  sequence  for  the  • 
green  fluorescence  protein  fused  to  the  Rak  cDNA.  We  have  designed  our  constructs 
such  that  Rak  is  translated  prior  to  the  green  florescence  protein.  The  GFP-Rak  vector 
was  created  in  two  stages.  Rak  was  first  cloned  into  the  pMEP4  plasmid  (Invitrogen) 
using  5'NheI  and  3'XhoI  sites.  The  Rak  cDNA  and  Flag  epitope  tag  were  PCR  amplified 
from  pMEP4-  Rak-Flag  with  primers  created  to  utilize  the  5’  Sail  and  3’  Kpnl  sites  that 
also  are  in  the  GFP  vector  multiple  cloning  site  (Clontech).  Appropriate  enzymes  were 
used  to  digest  the  fragment  and  vector.  The  vector  was  dephosphorylated,  and  ligation 
performed  using  T4  ligase.  Positive  colonies  were  screened  by  PCR  mini-prep,  and 
putative  transformants  were  further  screened  by  digesting  an  aliquot  of  purified  plasmid 
DNA  and  examining  for  an  appropriate  restriction  enzyme  pattern.  A  clone  passing  the 
above  two  stages  was  submitted  for  automatic  sequencing,  and  the  sequence  was  correct. 

The  construct  was  then  used  for  transfection  into  cell  lines.  Expression  has  been 
confirmed  in  multiple  cell  lines  including  COS7,  BT474,  MCF10,  293,  SKBR3,  MCF7, 
U20S,  and  SAOS  (Figures  1  and  2).  The  majority  of  the  expression  studies  have  been 
carried  out  in  BT474  cells  although  the  expression  pattern  is  similar  in  all  cells  tested. 

The  expression  of  Rak  is  somewhat  toxic  to  the  breast  cancer  cells,  as  reflected  in  the 
significant  floating  GFP  positive  cells  following  transfection.  Of  the  adherent  cells,  the 
GFP-Rak  displays  a  perinuclear  expression  pattern.  At  approximately  2  days  after 
transfection,  20  -  25%  of  Rak  transfected  cells  begin  to  show  a  changing  morphology. 
They  appear  to  develop  “arms”  -  filopodia  type  cytoplasmic  extensions  (see  below,  H.C.). 
After  another  1-2  days,  there  are  no  longer  any  apparent  Rak-transfected  cells.  It  is 
unclear  whether  all  the  Rak  transfected  cells  have  died  or  whether  the  cells  have 
downregulated  Rak  expression  to  such  an  extent  that  GFP  is  no  longer  visible. 


I.A.2.  Adenoviral-Rak 


In  August  of  1998  we  submitted  an  Adenoviral  construct  containing  Flag  tagged  Rak  to 
the  UNC  viral  core.  When  we  received  the  first  viral  lysate,  Rak  but  not  the  Flag  tag  was 
detected  by  Western  blot.  In  conference  with  the  directors  of  the  viral  core,  they 
historically  have  had  trouble  with  flag  tag  expression  and  suggested  that  we  go  to  a  HA 
tag. 

New  primers  using  a  5’  Sail  site  including  the  HA  tag  and  a  3’  Kpnl  site  were  designed  to 
produce  an  HA-tagged  adenoviral  construct.  Expression  of  the  clone  was  confirmed  by 
western  blot  for  both  the  Rak  protein  and  HA  tag.  The  construct  was  submitted  in  May 
1999  to  the  UNC  Viral  core.  We  are  awaiting  the  first  trial  expression  lysates.  If 
unsuccessful  with  adenovirus,  we  will  pursue  adeno-associated  virus  (AAV)  system  as  an 
alternative  viral  expression  system.  Given  the  growth  inhibition  of  Rak,  it  is  conceivable 
that  we  will  not  be  able  to  propagate  sufficient  adenovirus  in  the  293  cells.  This  problem 
is  obviated  in  the  adeno-associated  virus  system,  and  we  are  awaiting  the  first  test  of  the 
adenoviral  constructs  to  further  address  this  problem. 

I.A.3.  Mutagenesis  of  the  kinase  domain  and  amino  terminal  deletion  construct 
analysis 

Sequence  analysis  shows  that  Rak  has  several  putative  regulatory  domains  including  a 
kinase  domain,  SH2,  and  SH3  domains.  We  wish  to  generate  a  series  of  mutation  and 
deletion  constructs  in  the  GFP-vector  system  to  dissect  the  function  of  the  various  Rak 
domains.  As  pRb  and  Cdc2  bind  to  the  SH3  domain,  initial  efforts  were  focused  on  the 
SH3  deletion.  A  double  primer  PCR  technique  (11)  was  first  employed  but  was 
unsuccessful.  We  then  tried  single  primer  single  strand  mutagenesis  with  only  limited 
success  (10).  We  were  able  to  generate  single  stranded  GFP-Rak  DNA  with  M13  phage 
and  proceeded  through  the  primer  and  synthesis  stages  with  T4  bacterial  synthetase  and 
ligase.  In  mass  screening  we  detected  the  presence  of  the  SH3  deletion,  but  despite 
screening  100  possible  transformed  colonies,  we  could  not  obtain  the  desired  mutant.  We 
again  returned  to  the  double  primer  method,  and  by  manipulating  the  PCR  conditions, 
were  able  to  generate  the  mutant.  We  have  sequence  confirmed  the  clone. 

Initial  transfections  have  been  performed  in  BT474  ceils.  Interestingly,  Rak  still  localizes 
to  the  perinuclear  region,  suggesting  that  the  Rak  SH3  domain  is  not  required  for  proper 
localization.  Furthermore,  cells  still  form  a  flattened  morphlogy  and  fluorescent  cells 
have  been  detected  with  the  "arms"  morphology.  Thus  initial  work  suggests  that  the  SH3 
region  may  not  be  required  for  localization,  growth  inhibition,  or  formation  of  the  unique 
"arms."  This  is  suggestive  that  other  domains  of  Rak  are  required  for  these  functions.  To 
test  this,  we  are  deleting  the  SH2  domain  of  Rak  and  are  preparing  a  mutant  containing  a 
Lys262Arg  mutation,  which  is  predicted  to  inactivate  Rak  kinase  activity.  These  mutants 
will  be  tested  in  a  similar  manner  as  the  SH3  domain  deletion  (Figure  3). 


I.A.4.  Phage  display  -  Bacclovirus  and  Intein  systems 

In  order  to  determine  the  specific  molecules  and  sequences  that  bind  to  Rak,  we  are 
taking  advantage  of  a  technique  of  phage  display  which  can  isolate  these  sequences  much 
more  quickly  than,  for  example,  the  yeast  2  hybrid  system.  In  collaboration  with  Novalon 
Pharmaceuticals,  we  are  producing  Rak  fusion  proteins  for  phage  display  analysis.  In  this 
technique,  Rak  protein  is  purified  and  coated  in  wells.  Specific  libraries  of  phage, 
containing  individual  peptide  sequences  on  their  adhesion  pilli  are  then  “panned”  onto 
wells  coated  with  Rak  protein.  The  phage  that  bind  to  Rak  are  isolated,  amplified,  and 
enriched  by  several  additional  “panning”  steps.  The  individual  phage  sequences  are  then 
identified  to  give  the  peptide  sequences  of  potential  Rak  binding  partners.  This  allows  us 
to  return  to  a  general  database  to  identify  the  biologically  significant  partners  (Figure  4). 

We  are  currently  cloning  Rak  into  the  New  England  BioLab’s  Intein  vector  to  produce 
purified  protein.  We  are  also  cloning  into  the  Baculovirus  system  in  an  attempt  to  obtain 
purified  protein.  Once  the  protein  is  obtained,  Novalon  will  perform  the  phage  display. 
This  agreement  has  been  formally  signed  through  the  UNC  Office  of  Technology 
Development. 

I. B.  Rak  appears  to  co-localize  in  the  Golgi  apparatus 

GFP-Rak  transfected  cells  display  green  fluorescence  in  a  perinuclear  pattern  reminiscent 
of  the  Golgi  apparatus.  A  human  anti-GoIgi-zone  monoclonal  antibody  (Chemicon)  was 
obtained  and  used  for  dual  immunofluorescence  with  the  GFP-Rak  construct. 
Microscopy  revealed  co-localization  of  GFP-Rak  and  Golgi.  These  results  were  further 
confirmed  using  confocal  microscopy  with  digital  analysis  of  images.  Thus  all  Golgi 
staining  lies  within  Rak  staining,  although  there  is  some  Rak  staining  outside  of  the  Golgi 
region.  Three  attempts  were  made  at  disruption  of  the  Golgi  with  nocodazole  to  see  if  the 
staining  patterns  still  co-localized,  but  the  technique  was  unsuccessful.  Since  Dr.  Liu’s 
lab  has  a  primary  focus  of  elucidating  the  cellular  localization  of  Rak,  we  have  not  chosen 
to  pursue  these  studies  further  (Figure  5). 

II.  Rak  is  Growth  Inhibitory  in  Human  Breast  Cancer  Cells. 

II.A.  Flow  cytometry  analyses 

Based  on  previous  work  indicating  that  Rak  binds  to  Cdc2  and  Rb,  we  suspect  that  Rak 
may  have  an  effect  on  the  cell  cycle.  We  performed  two  channel  FACS  analysis  using 
GFP  as  a  marker  of  Rak  expression  and  propidium  iodide  as  a  nuclear  stain.  As  a 
technical  note,  we  used  a  GFP-spectrin  for  the  control.  The  fixation  procedure  required 
for  flow  cytometric  cell  cycle  analysis  requires  the  use  of  ethanol.  Ethanol  fixed  cells 
will  not  retain  the  small  GFP  molecule  unless  it  is  a  fusion  protein.  Thus  GFP-spectrin  is 
useful  because  it  has  minimal  effects  on  cell  cycle  but  is  retained  during  ethanol  fixation. 


The  procedure  to  determine  the  cell  cycle  of  GFP  transfected  cells  is  as  follows:  IxlO6 
cells  are  seeded  onto  100mm  tissue  culture  dishes.  Cells  are  allowed  to  adhere  to  the 
plate  for  24  hours.  The  cells  are  then  transfected  using  6ug  of  desired  DNA  and  18  ul  of 
lipofectamine  reagent.  The  lipofectamine/DNA  complexes  are  allowed  to  incubate  with 
the  cells  for  6  hours  and  then  are  washed  off.  The  plates  are  overlaid  with  fresh  full 
media.  30  hours  later,  the  cells  are  trypsonized,  ethanol  fixed  and  suspended  in  20  ug/ml 
propidium  iodide  solution  in  preparation  for  FACS  analysis. 

Flow  cytometry  of  GFP-Rak  and  GFP-spectrin  transfected  cells  indicate  that  Rak  induces 
a  modest  G1  arrest:  58%  (s.d.=  7)  of  Rak  transfected  cells  were  in  Gl  where  as  47% 
(s.d.=  6)  of  control  transfected  cells  were  in  Gl  (Figure  6).  Because  BT474  cells  are 
distributed  predominantly  in  G  l,  it  is  difficult  to  see  the  small  effect.  Thus  we  used  a  G2 
arresting  drug  to  unveil  the  effects  of  Rak.  If  Rak  truly  arrested  cells  in  Gl,  control  cells 
would  progress  through  Gl  and  arrest  in  G2  because  of  drug  effects.  Conversely,  Rak 
transfected  cells  would  arrest  in  G 1  and  be  unable  to  respond  to  the  drug. 

The  above  FACS  protocol  was  modified  such  that  at  18  hours  after  transfection,  drug  was 
added  to  the  cell  media,  and  after  incubation  for  18  additional  hours,  the  cells  were 
harvested.  Initially  we  used  nocodazole  -  a  microtubule  destabilizing  agent  -  but  could 
not  get  consistent  FACS  data  -  cells  did  not  respond  uniformly  from  experiment  to 
experiment,  and  controls  often  gave  wildly  varying  results.  Taxol  -  a  microtubule 
stabilizing  agent-  at  1  nM  for  18  hours  gave  excellent  FACS  data  with  consistent  and 
predictable  function  of  control  samples.  After  working  out  technical  details,  we 
determined  that  Taxol  causes  a  near  complete  shift  of  control  cells  towards  the  S  and 
G2/M  phase.  Conversely,  a  significant  proportion  of  GFP-Rak  transfected  cells  remain  in 
Gl  and  are  thus  spared  from  the  effects  of  Taxol  (Figure  7).  Another  G2  arresting  agent, 
Colcemid  (at  50  ug)  has  also  been  used  and  has  confirmed  this  data  (experiment  done 
twice). 

We  wanted  to  ensure  that  the  Gl  effects  of  Rak  were  not  specific  to  BT474  cells  and  thus 
chose  to  validate  the  results  in  U20S  and  SAOS  cells  (without  using  drug).  These  lines 
are  further  useful  because  they  differentially  express  Rb  and  p53  (Rak  has  been  shown  to 
bind  pRb).  U20S  are  Rb+  p53+  and  SAOS  are  Rb-  p53-.  GFP-pl6  was  used  as  a 
positive  control  for  a  Rb  dependent  Gl  arrest.  We  demonstrated  Gl  prolongation  in  both 
of  these  cell  lines  which  indicates  that  the  G 1  arrest  of  Rak  is  Rb  and  p53  independent 
(Figure  8  &  9).  We  are  currently  performing  these  flow  cytometric  analyses  in  other 
breast  cancer  cell  lines. 

II.B.  BrdU  Uptake 

To  further  define  the  growth  characteristics  of  Rak  transfected  cells,  we  utilized  BrdU 
incorporation  as  a  measure  of  cell  proliferation.  Approximately  30  hours  after 
transfection,  GFP-Rak,  GFP-pl6  control  and  GFP-Spectrin  control  cells  were  incubated 
for  4  hours  with  30uM  BrdU.  In  proliferating  cells,  BrdU  is  incorporated  into  newly 
synthesized  DNA  in  place  of  thymine.  After  ethanol  fixation  and  acid  denaturation  of  the 
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DNA  an  antibody  can  be  used  to  detect  which  cells  have  incorporated  BrdU. 
Unfortunately  the  acid  denaturation  also  destroys  the  fluorescence  of  the  GFP.  Therefore, 
after  fixation  and  acid  denaturation,  cells  were  dual  labeled  with  polyclonal  anti-GFP  and 
monoclonal  anti-BrdU  antibodies.  Goat  anti-rabbit  FITC  conjugated  secondary  antibody 
was  used  to  detect  the  GFP  (FITC  fluoresces  green)  and  Goat  anti-mouse  Cy3  or 
Rhodamine  conjugated  secondary  antibody  was  used  to  detect  BrdU  (Cy3  and  rhodamine 
fluoresce  red  or  orange). 


GFP-spectrin  should  not  affect  proliferation  and  should  show  a  basal  level  of  BrdU 
incorporation.  GFP-pl6  should  arrest  in  G1  and  thus  show  a  decreased  percentage  of 
BrdU  incorporation.  We  expect  Rak  to  mimic  GFP-pl6.  Preliminary  results  have 
confirmed  this  hypothesis.  As  expected,  spectrin  had  no  effect  on  proliferation,  as 
transfected  cells  incorporated  BrdU  and  had  an  orange  nucleus.  In  contrast,  cells 
transfected  with  pl6  and  Rak  failed  to  incorporate  BrdU  and  did  not  have  an  orange 
nucleus,  although  adjacent  untransfected  cells  continued  to  cycle,  incorporate  BrdU  and 
thus  have  an  orange  nucleus.  FACS  analysis  shows  39.5%  of  GFP-spectrin  transfected 
cells  incorporate  BrdU,  25.5%  of  GFP-pl6,  and  22.7%  of  GFP-Rak.  We  are  currently 
reproducing  these  results  and  feel  that  this  is  a  clean  demonstration  that  Rak  expression 
inhibits  S-phase  entry  and  DNA  synthesis  in  breast  cancer  cells  (Figure  10). 

II.C.  Rak  Transfected  Cells  Develop  Filopodia-type  cytoplasmic  extensions 

At  approximately  30-40  hours  post  transfection,  the  Rak  transfected  breast  cancer  cells 
began  to  develop  filopodia-type  cytoplasmic  extensions:  “arms”  phenotype.  This  was 
seen  in  approximately  20%  of  the  transfected  cells,  but  was  highly  reproducible  both  in 
the  BT474  breast  cancer  cells  as  well  as  in  other  cell  types  including  SK-BR-3  and  BT20 
breast  cancer  cells  (Figure  2  &  Figure  1 1  first  panel). 

We  first  wished  to  determine  if  these  cells  are  also  arrested  in  growth.  We  performed  the 
same  BrdU  experiment  as  was  described  above  (see  Figure  10,  third  panel)  and  it  is 
evident  that  Rak  transfected  cells  with  filopodial-type  extensions  fail  to  enter  S-phase  and 
incorporate  BrdU.  We  have  also  examined  the  cytoskeletal  staining  in  GFP-Rak 
transfected  cells.  These  cells  were  fixed  and  stained  with  actin,  vinculin,  paxillin,  Fak, 
and  E-Cadherin  using  a  rhodamine  secondary.  Cells  were  visualized  using 
immunofluorescent  microscopy.  At  24  hours,  Rak  transfected  cells  demonstrated  a 
flattened  morphology  and  displayed  filament  and  focal  adhesion  (FA)  staining 
indistinguishable  from  wildtype  cells.  As  the  transfected  cells  progressed  to  develop  the 
“arms”  phenotype  at  30-40  hours,  they  uniformly  lost  filamentous  and  FA  staining  as 
compared  to  wildtype.  GFP  control  transfected  cells  maintained  a  wildtype  staining 
pattern  for  filaments  and  FA  at  all  time  points. 

In  collaboration  with  Dr.  Keith  Burridge,  an  authority  on  the  cytoskeleton,  we 
hypothesize  that  this  appearance  is  consistent  with  motile  cells,  and  that  this  may 
represent  activated  Rac  (note  the  c  rather  than  the  k).  This  has  led  us  to  another 
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experimental  pathway,  as  it  would  be  quite  significant  if  Rak  was  linked  to  the  Rac 
pathway. 

Rac  is  a  member  of  the  Rho  GTPases,  which  are  known  to  act  as  molecular  switches  that 
induce  changes  in  the  actin  cytoskeleton  and  gene  transcription  in  response  to 
extracellular  signals.  This  system  participates  in  multiple  biologic  responses  including 
morphogenesis,  chemotaxis,  axonal  guidance,  and  cell  cycle  progression.  To  test  our 
hypothesis  that  Rak  may  interact  with  Rac,  we  performed  co-transfections  with  Rak  and 
dominant  negative  Rac.  If  Rac  is  downstream  of  Rak,  we  would  expect  that  dominant 
negative  Rac  would  be  incapable  of  forming  the  filopodial-like  extensions.  As  we 
hypothesize,  there  were  no  “arms”  formed  in  the  breast  cancer  cells  in  this  environment 
(Figure  1 1  panel  2).  In  addition,  double  transfections  with  Rak  and  control  vector  did  not 
affect  the  development  of  the  “arms”.  This  suggested  that  Rak  may  be  upstream  of  Rac 
and  induces  Rac  to  stimulate  filopodia  formation. 

Next,  constitutively  active  constructs  of  Rac,  Rho,  and  CDC42  were  transfected  into 
BT474  cells  (Figure  1 1  panel  4).  Rho  and  CDC42  caused  minimal  phenotype  change  - 
the  cells  remained  flat  but  compact.  Active  Rac  caused  the  cells  to  flatten  and  spread 
radially,  but  there  was  no  filopodia  formation.  This  indicates  that  Rac  is  necessary,  but 
not  sufficient  for  filopodia  formation  in  Rak-transfected  cells. 

Next  we  transfected  a  dominant  negative  construct  of  Rho.  Surprisingly,  there  was  a  very 
strong  “arms”  phenotype.  The  penetrance  was  85%+  and  seen  much  earlier,  at  20  hours. 
The  same  phenotype  was  seen  with  H7,  an  inhibitor  of  Rho  Kinase  (Figure  1 1  panel  3). 
The  effects  of  H7  were  reversible  with  drug  removal. 

Our  current  work  is  being  performed  in  collaboration  with  Dr.  Burridge  to  attempt  to  sort 
out  these  different  pathways.  A  hypothesis  that  would  fit  the  data  and  is  congruent  with 
current  literature  is  that  Rak  may  act  as  a  negative  regulator  of  Rho,  which  then  regulates 
the  level  of  activation  of  Rac.  As  Rac  is  more  activated,  the  phenotype  progresses  from 
spreading  radially  to  aggressive  filopodia  formation.  Further  work  on  this  project  will 
include  using  specific  kinase  inhibitors  to  knock  out  Rho  function,  assaying  for  activated 
Rac  via  a  GTP  binding  assay,  and  assaying  for  cell  motility.  If  true,  the  placement  of  Rak 
in  the  Rac/Rho  pathway  will  be  of  great  interest  to  breast  cancer  researchers.  Both  Rac 
and  Rho  are  overexpressed  in  breast  tumors  (3).  It  is  conceivable  that  Rak  may  regulate 
these  proteins  as  breast  cancer  cells  alter  their  environments  and  become  invasive. 
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TECHNICAL  OBJECTIVE  2 

I.  Development  and  Characterization  of  Monoclonal  Antibodies  to  the  Rak  Protein 

As  noted  in  our  previous  report,  we  have  developed  two  monoclonal  antibodies  against 
Rak.  Unfortunately,  our  initial  monoclonal  4.65  which  looked  very  promising  for 
immunofluorescence,  has  been  further  characterized  and  found  to  have  significant  non¬ 
specific  reactivity  (Figure  12).  Although  it  does  have  a  perinuclear  localization 
comparable  to  Rak’s  localization,  extensive  work  with  controls  shows  that  this  is  non¬ 
specific  staining.  We  have  currently  abandoned  our  experiments  using  monoclonal  4.65. 

Our  monoclonal  1.61  does  recognize  Rak  on  Western  blot  analyses.  We  have  performed 
multiple  purification  and  concentration  techniques  including  ammonium  sulfate  cuts, 
protein  A  columns,  and  dialysis.  We  have  also  optimized  our  Western  blot  conditions  to 
give  the  least  amount  of  cross-reactivity.  The  major  problems  with  these  experiments  is 
the  low  level  expression  of  Rak.  The  endogenous  Rak  expression  in  breast  cancer  cells  is 
quite  difficult  to  detect  and  there  are  also  significant  non-specific  bands  on  the  Western 
blot  (Figure  13). 

We  have  used  a  Rak-transfected  cos-7  cellular  lysate  as  a  control  for  our  Western  blots. 
We  have  done  Western  blots  in  20  breast  tumors  from  the  San  Antonio  database.  Eight 
of  these  expressed  Rak.  When  we  used  paired  tumor  samples  from  our  own  tumor  bank, 
we  have  detected  a  non-specific  band  close  to  the  p54Rak.  We  are  currently  characterizing 
the  expression  of  Rak  in  additional  samples  to  try  to  determine  the  significance  of  the 
staining  (Figure  14). 

Given  the  characterization  of  Rak  as  a  growth  inhibitory  gene,  it  is  not  surprising  that  the 
breast  cancer  would  express  low  levels  of  this  protein.  This  does  confound  the  ability  for 
us  to  detect  significant  Rak  in  human  breast  cancers.  For  this  reason,  the  majority  of  our 
effort  on  this  project  has  been  directed  toward  the  characterization  of  the  expression  of 
Rak  in  breast  cancer  cells,  as  described  above. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


♦  Rak  is  growth  in  inhibitory 

♦  Rak  produces  a  G1  prolongation  which  is  p53  and  Rb  independent 

♦  There  is  a  putative  interaction  between  Rak  and  the  Rho  family 

♦  Rak  expression  causes  filopodia  in  human  breast  cancer  cells,  resulting  in  decreased 
expression  of  focal  adhesion  components,  cytoskeleton,  and  cadherins 

♦  Rak  localizes  to  the  Golgi  apparatus 

♦  Rak  appears  to  be  expressed  at  low  levels  in  approximately  30%  of  human  breast 
cancers 


REPORTABLE  OUTCOMES 

1.  SUS  abstract  in  New  Orleans 

2.  Materials  transfer  agreement  with  Novalon 
2.  Manuscript  in  preparation 
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CONCLUSIONS 


Rak  is  a  growth  inhibitory  gene  in  human  breast  cancer.  Rak  appears  to  cause  a 
prolongation  of  the  cells  in  G1  phase  of  the  cell  cycle,  without  true  growth  arrest.  In 
addition,  Rak  causes  a  novel  phenotype  in  the  breast  cancer  cells  of  filopodia.  Rak  also 
appears  to  be  in  the  Rac/Rho  signaling  pathway,  although  much  additional 
experimentation  is  needed  to  conclusively  confirm  this  association. 

It  is  intriguing  to  speculate  why  Rak  is  seen  in  human  breast  cancer  cells.  The  work  with 
Taxol  suggests  that  the  breast  cancer  ceils  are  prolonged  in  GI,  and  this  may  be  one 
mechanism  of  resisting  the  apoptotic  stimuli  induced  by  Taxol.  It  is  also  possible  that  the 
filopodia  is  seen  in  the  tumor  cells  represents  the  breast  cancer  cells  becoming  more 
motile.  As  the  cell  becomes  motile,  it  is  conceivable  that  it  may  pause  in  its  cell  cycle  to 
allow  it  to  move.  This  is  a  scenario  which  is  very  similar  to  that  seen  in  embryonic  -cells. 
As  we  continue  our  characterizations  of  Rak,  we  hope  to  be  able  to  answer  these 
questions  about  this  tyrosine  kinase. 
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Figures 
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FIGURE  1 


GFP  =  Green  Fluorescent  Protein 


Schematic  of  the  cloning  and  use  of  the  GFP  fusion  protein  system  to  study  gene 
expression. 


The  GFP  protein  alone  transformed  Expression  of  GFP-Rak  after 

into  BT474  cells.  GFP  alone  is  transformation  of  the  fusion  construct 

used  as  a  control  in  all  experiments.  into  BT474  cells.  Note  the  perinuclear 

Note  the  homogeneous  expression  expression  pattern, 

throughout  the  cell  including  nucleus. 
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GFP-Rak  expression  in  various  cell  lines:  note  the  perinuclear  expressionEand 
•in  several  the  formation  of  "arms" 


MCF7  MCF7 


BT20 


RD 


Proposed  Deletion  and  Mutation  Constructs 


FIGURE  3 
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MGFP-Rak _ 5^9 _ 27.6 

■  GFP-Cti  46  37^5 


U20S  Transfected  with  GFP-Rak 


FIGURE  8 


apAo  ipo  jo  luaojad 


_ _ S _  G2/M 

GFP-Rak _ 71.6 _  16.1  12.3 

GFP-p16 _ 73.5 _ 12.5  14 

GFP-Sp _ 58.3  29.3  12.4 


SAOS  Transfected  with  GFP-Rak 


FIGURE  9 
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0  GFP-Rak  62.6  12.1 

■  GFP-p16  45,5  2Z9 

□  GFP-Sp  53.3  19.1 


FIGURE  10 


•  * 

GFP-rRak  with  Brdll  labeling  to  determine  proliferation 


GFP-Spectrin  transfected  BT474  cells  grown  in  30uM  Brdll  and  labeled  using  anti-Brdu  Rhodamine  and 
anti-GFP  FITC.  (6.7.99.12  and  6.7.99.16) 


GFP-Rak  transfected  BT474  cells  demonstrating  arms  phenotype  and  double  labeled 
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,Rak  may  interact  with  the  Rho  GTPase  pathway  to  affect 
cellular  morphology 


FIGURE  11 


GFP-Rak  transfected  cells  at  24  hours  (left)  show  flat  and  compact  morphology. 
At  40  hours  (left)  cells  begin  to  develop  filopodia.  Nuclei  are  counter-stained  with 
DAPI. 


Rak/Rac-  Rak/Rac+ 

GFP-Rak  and  Rac  Dominant  Negartive  Constructs  co-transfected  (right).  Rac  Dominant 
Negative  supresses  the  ability  of  Rak  to  produce  filopoda.  GFP-Rak  and  Rac  Constitutively 
Active  (left)  co-transfection  causes  cells  to  flatten  and  spread  radially. 


Before  H7  treatment  t=0  After  j_|7  treatment  t=4h  After  return  to  Full  Media  t=5h 

H7  is  an  inhibitor  of  Rho  Kinase,  which  activated  Rho.  Treatment  with  H7  induces  the  same 
phenotype  as  Dominant  Negative  Rho.  The  effect  is  reversed  when  the  drug  is  removed. 


FIGURE  12 


•#MAb  anti-Rak4.65 

Figure  A  shows  BT474  cells  transfected  with  both  GFP-control  and  GFP-Rak.  Figure  B  shows 
the  same  cells  stained  with  MAb  anti-Rak  4.65  and  rhodamine  secondary.  All  cells  -  transfected 
and  un-transfected  -  stain.  Thus,  the  anitbody  is  not  specific,  and  not  useful  for 
immunohistochemistry. 
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GFP-Rak 


GFP-control 
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Pptimization  of  Rak  1 .61  monoclonal  antibody  for  Western  blots  FIGURE  13 


Exhausted  Supernatant  After  Ammonium  Cut 


Figure  1 

Ab  Rak  1 .61  before  and  after  a  50%  ammonium  cut.  The  ammonium 
cut  allows  use  of  a  much  higher  dilution  to  achieve  the  same  band 
intensity  thus  decreasing  background  and  conserving  reagent. 


Figure  2 

Ab  Rak  1 .61  performance  under  various  conditions 
A:  Primary  1:1,  TBST  0.5%  Tween  wash,  Secondary  1 :5000 
B:  Primary  1 :3,  TBST  0.5%  Tween  wash,  Secondary  1 :5000 

Although  using  the  primary  antibody  at  a  greater  dilution  decreases 
band  intensity,  this  is  compensated  by  achieving  a  cleaner  blot. 
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Figure  3 

Ab  Rak  1 .61  performance  under  various  conditions 
A:  Primary  1:1,  TBST  0.5%  wash,  Secondary  1 :5000 
B:  Primary  1 :3,  TBST  0.5%  wash,  Secondary  1 :5000 
C:  Primary  1 :3,  TBST  0.5%  wash,  Secondary  1 :10000 
D:  Primary  1:3,  TBST  0.5%  wash,  Secondary  1:10000 


Variation  fo  the  secondary  antibody  diminished  band  intensity  but 
had  minimal  effect  on  clarity  of  the  blot. 
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COS-Rak 


FIGURE  14 


Western  Blots  using  mAb  Rak  1 .61  after  ammonium  cut 


San  Antonio  Breast  Tumor  Samples  201-210  with  mAb  Rak  at  1:20  dilution 

201  202  203  204  205  206  207  208  209  210  COS-Rak  RD 


San  Antonio  Breast  Tumor  Samples  211-220  with  mAB  Rak  at  1 :20  dilution 


211  212  213  214  215  216  217  218  219  220  RD  COS-Rak 


Paired  Tumor  Samples  with  mAB  Rak  at  1 :20  dilution 

N=normal  T=tumor  M=nodal  metastasis 

Upper  panel  was  performed  initially.  Lower  panel  displays  identical  samples  with  the  addition 
of  the  positive  COS-Rak  control  and  the  negative  RD  control 
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breast  cancer  cells.  Preliminary  work  suggested  that  ectopic  expression 
of  Rak  inhibited  cell  growth.  In  this  study,  we  have  characterized  the 
biological  effects  of  expressing  Rak  in  human  breast  cancer  cells.  . 
METHODS:  Rak  was  cloned  into  the  Green  Fluorescent  Protein 
expression  vector  (pEGFP-Nl)  to  form  a  GFP-Rak  fusion  protein. 
BT474  breast  cancer  cells  were  transiently  transfected  and  then 
analyzed  by  dual  color  immunofluorescence  and  flow  cytometry. 
RESULTS:  Transfection  of  Rak  into  BT474  cells  demonstrated  a 
perinuclear  localization  pattern.  Immunofluorescent  staining  with  an 
anti-Golgi  antibody  revealed  co-localization  of  Rak  with  Golgi 
markers,  suggesting  that  Rak  is  localized  in  the  Golgi  apparatus.  In 
addition,  the  cells  that  expressed  Rak  showed  a  flat  phenotype  and 
appeared  to  be  growth-arrested  compared  to  GFP  controls.  Flow 
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transfected  cells  in  the  Gi  phase  of  the  cell  cycle,  compared  to  control 
CONCLUSION:  Rak  is  a  tyrosine  kinase  localized  to  the  Golgi  that 
inhibits  human  breast  cancer  cell  growth. 
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MEMORANDUM  FOR  Administrator,  Derense  Technical  Information 
Center  (DTIC-OCA) ,  8725  John  J.  Kingman  Road,  Fort  Belvoir, 
VA  2 2060-6218 

SUBJECT:  Request  Change  in  Disti .cut  .on  Statement 


1.  I’he  U.S.  Army  Medical  Research  and  Materiel  Command  has 
reexamined  the  need  for  the  limitation  assigned  to  technical 
reports  written  for  this  Command.  Request  the  limited 
distribution  statement  for  the  enclosed  accession  numbers  be 
changed  to  "Approved  for  public  release;  distribution  unlimited. 
These  reports  should  be  released  to  the  National  Technical 
Information  Service. 

2.  ;3oint  of  contact  for  this  request  is  Ms.  Kristin  Morrow  at 
DSN  43-7327  or  by  e-mail  at  Kris:  m.Morrow@det.amedd.army.mil. 

FOR  THE  COMMANDER: 


J  ^  V  UACjL  v  1. 

P  H YL I S \M .  R I NEHART 
Deputy  Chief  of  Staff  for 
Information  Management 
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ADB275851 
ADB274459 
ADB277942 
ADB277404 
ADB277494 
AEB277536 


